Disturbed flow disrupts the blood-brain barrier in a 3D bifurcation model.
The effect of disturbed flow profiles on the endothelium have been studied extensively in systemic vasculature, but less is known about the response of the blood-brain barrier (BBB) to these flow regimes. Here we investigate the effect of disturbed flow on the integrity of the BBB using a three-dimensional, perfusable bifurcation model consisting of a co-culture of endothelial cells with mural and glial cells. Experimental flow patterns predicted by computational fluid dynamics mimic in vivo flow regimes, specifically the presence of a recirculation zone immediately downstream of the bifurcation. Dextran permeability assays and immunostaining with markers for tight junctions show that barrier disruption is significantly greater in areas of disturbed flow compared to fully developed regions downstream of the bifurcation. Probing crosstalk between cell types suggests that disturbed flow causes barrier breakdown independent of endothelial-mural and endothelial-glial interaction. Overall, disturbed flow-induced disruption of the blood-brain barrier suggests that flow-mediated mechanisms may contribute to vascular pathologies in the central nervous system.